RÉSUMÉ

INTRODUCTION
Antibiotic resistance among strains of Staphylococcus aureus (S. aureus) has become an escalating clinical problem in many regions around the world.
1-3 S. aureus was initially sensitive to penicillin, but during the 1960s strains of methicillin-resistant S. aureus (MRSA) appeared in nosocomial infections. In the 1990s, reports arose of new strains of community-associated MRSA (CA-MRSA) that were genetically divergent from hospital (or health care)-associated MRSA. MRSA causes many infections, such as necrotizing fasciitis, 4 pneumonia, 5 meningitis 6 and endocarditis, 7 but most frequently it causes skin and soft tissue infection (SSTI), such as cutaneous abscesses, furuncles and cellulitis. 8 In the last decade, the prevalence of infection caused by MRSA has increased dramatically, 1,2 as have the associated costs of treatment and infection control. 9 The increasing frequency of SSTIs caused by MRSA is particularly relevant in the emergency department (ED) both in terms of patient volume and antimicrobial options. More than 2000 patient visits per year are for SSTI at our institution (an inner-city tertiary care ED with about 65 000 patient visits per annum). Increasing frequency of MRSA SSTI impacts both antibiotic choices and cost, with increasing use of potent and expensive antimicrobials such as vancomycin.
Identification of risk factors for MRSA SSTI is important for ED patients. Previous studies (mostly in US or European settings) have identified HIV infection and injection drug use (IDU) as risk factors, 7 as well as incarceration, 10 and participation in contact sports, such as wrestling. 11 Clusters of outbreaks have also been reported in isolated Aboriginal communities. 12 MRSA prevalence and risk factors vary geographically and we were unable to locate previous reports for a Canadian ED population. Increases in the proportion of SSTIs caused by MRSA and risk factors for these infections are important to guide empiric antibiotic therapy and infection site surveillance cultures in the ED. The objectives of this study were to quantify risk factors for MRSA SSTI in an inner-city ED population and to quantify the period prevalence of MRSA SSTI between 2003 and 2005 in a Canadian ED population.
METHODS
Ethics
This study received approval from the Providence Health Care Ethics Review Board.
Design
To assess risk factors for MRSA SSTI, we performed a nested case-control study of 50 cases of MRSA SSTI matched on calendar date to 100 controls with SSTI not caused by MRSA. To quantify the period prevalence of MRSA SSTI, we used a cohort study design.
Setting
The study took place in a tertiary care inner-city ED with approximately 65 000 patient visits per year.
Sample size
The sample size was calculated on the basis of the assessment of risk factors for MRSA SSTI. For an α error rate of 0.05 (2-tailed) to detect an odds ratio (OR) of 2.0 for a given risk factor (assuming a baseline exposure rate of 10% in controls) and using 2 matched controls for each MRSA SSTI case, 47 case-control sets (141 participants total) were needed for 80% power based on conditional logistic regression analysis (Power and Precision Statistical Software. V 2.037. Biostat Inc.). 13 A sample size of 384 participants was required to estimate the 95% confidence interval (CI) to within 5% for the period prevalence of MRSA SSTI, assuming a 50% prevalence. Since we performed 447 wound cultures during this time, we used all of the data for point and interval estimates of period prevalence. We compared period prevalence of discharge diagnoses related to MRSA ("abscess" or "abscess with cellulitis" or "furuncle") versus cellulitis alone between the first 10 months and the last 11 months of the study period for 1931 patients who had any of these diagnoses (the remaining 303 patients had another SSTI diagnosis such as "wound check"). We chose cellulitis as the comparison group, since this diagnosis comprised the majority (more than 90%) of the other SSTI diagnoses.
Cohort identification and period prevalence of MRSA SSTI
Microbiologic testing and detection of MRSA
For all infection site cultures following 24-hour incubation, bacterial colonies were picked and further isolated on standard microbiological media for identification and antibiotic susceptibility testing. When necessary, the bacterial gene responsible for methicillin resistance in Staphylococci (mecA) was identified by detection of the gene product (PBP2a); alternatively, mecA was detected directly by molecular means using polymerase chain reaction. For molecular typing of MRSA-confirmed isolates, genetic relatedness studies were performed by a reference laboratory using pulsed-field gel electrophoresis.
Case and control selection
From the 245 patients who had an MRSA-positive SSTI between January 2003 and September 2004, 50 cases were selected using a random number list. One hundred controls (2 controls/case) from the 202 patients with MRSA-negative SSTI during the same period were selected. To control for secular trends in risk factor profiles, individual matching of cases and controls was conducted. Controls were individually matched to cases by date of infection site culture (± 2 mo), and were selected from the 202 patients whose cultures were negative for MRSA. Incident cases were used and controls were able to become cases at a subsequent point in time if they subsequently developed an MRSA-positive SSTI. Whenever more than 2 possible controls were identified for each case, selection was performed randomly from those eligible. We were able to identify at least 2 time-matched controls for every case.
Risk factor data and definitions
Data for risk factors for all participants were abstracted by a trained research assistant from 4 sources: the NERD, the electronic order entry database, the printed medical/hospital records and provincial PharmaNet data (for previous antibiotic prescriptions). Based on these sources data were coded and entered into an Excel spreadsheet. Dichotomous variables were coded as positive, negative or not recorded (missing). The research assistant was blinded to case or control status and had 15 randomly selected patient records audited for accuracy. The following definitions for risk factors were used (data source in parentheses).
• Age: age in years dichotomized at 50 years (NERD) Comparison of the period prevalence of SSTI diagnoses related to MRSA (abscess, abscess and cellulitis, or furuncle) for the first 10 months of the study and the last 11 months of the study was conducted using a χ 2 test for proportions.
Univariate OR and 95% CIs for each risk factor were generated using conditional logistic regression. Multivariate analyses were based on conditional logistic regression (matched on calendar date of exposure) to estimate the OR of MRSA SSTI for the risk factors that we measured. We constructed multivariate conditional logistic regression models by including factors that were associated with MRSA in a univariate conditional logistic regression (if p < 0.15). On the basis of biologic plausibility, we initially included age, IDU, admission to hospital in the preceding year and previous MRSA status in the multivariate model along with other risk factors associated with MRSA (univariate p < 0.15). We then removed variables from the model with a backward stepwise procedure (p-to-remove = 0.1). We assessed two-way interactions between IDU and HIV, and antibiotic prescriptions in the previous 8 weeks and previous MRSA status. Model fit was established using the likelihood ratio test and deviance score. Outlying data points were assessed by plotting Storer-Crowley delta-betas, which estimate how much a regression coefficient changes when an individual case is deleted. Only 5 participants had invasive indwelling devices by our definition, so this variable was not included in the analyses. Egret software (Cytel Inc.) was used for the conditional logistic regression analyses and regression diagnostics.
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MRSA SSTIs in a Canadian ED Odds ratios were considered statistically significant if the 95% CI did not include the null value of 1.
RESULTS
Participant derivation
Between January 2003 and September 2004, 2234 patients were diagnosed with SSTI. Of these, 447 (20%) had a culture performed of their infection site, and these patients formed the basis of the study. We obtained complete data for 150 participants (50 cases each with 2 calendar-time-of-diagnosis-matched controls). Derivation of study participants is shown in Figure 1 .
Period prevalence of MRSA SSTI
Period prevalence of MRSA-positive SSTI during the 21-month study period was 54.8% (95% CI 50.2%-59.4%). The monthly period prevalence of MRSApositive SSTI cultures increased steadily over the 21-month study period from 21% of all cultures to 68% of all cultures at the end of the study period (p for trend < 0.001). Figure 2 arrays these data.
Of the SSTI cultures that were negative for MRSA, 46% grew methicillin-sensitive S. aureus (MSSA), 25% grew streptococcal species and 6% grew various gram negative organisms. Eighteen percent of cultures grew no bacterial organisms. Approximately 5% of cultures were polymicrobial in controls and 3% for cases. anatomical area of infection and residence in a longterm care facility were not associated with MRSA SSTI in this data set and were not retained in the final model. Univariate and multivariate ORs and 95% CIs are shown in Table 2 and Table 3 , respectively. The fit of the model with the variables in Table 3 was adequate, based on the likelihood ratio test. Neither of the prespecified 2-way interactions were included in the final model, based on the backward step-wise procedure.
Risk factors for MRSA SSTI
Comparison of the period prevalence of SSTI diagnoses related to MRSA (abscess, abscess and cellulitis, or furuncle) for the first 10 months of the study and the last 11 months of the study revealed a significant increase from 411/852 (48.2%, 95% CI 44.9%-51.5%) to 691/1079 (64%, 95% CI 61.1%-66.9%) (χ 2 = 29.1, p < 0.001).
DISCUSSION
To our knowledge, this study is the first to report the period prevalence and risk factors for MRSA SSTI in a Canadian ED. Between January 2003 and September 2004 the overall period prevalence of MRSA SSTI was 54.8%, with a pronounced increase in infections linked to MRSA from 22% to 68% during the study period.
Although other Canadian data are lacking, our finding is consistent with data from a Los Angeles ED study 14 that reported that 44/96 (46%) of infection site cultures from SSTI grew MRSA. A similar study conducted in a San Francisco area ED 8 isolated MRSA from 51% of 137 infection site cultures. A recently published study of 422 patients with SSTI from 11 EDs in the United States reported that the prevalence of MRSA was 59%. 15 It is noteworthy that based on data from this study, 71.6% of S. aureus-positive wound infection cultures grew MRSA, and 28.4% grew MSSA, making MRSA the most common cause of SSTI among cultured patients in our ED. It is striking that the proportion of MRSA-positive infection site cultures from SSTIs increased from 22% to 68% during a 21-month period at our institution. There may be some degree of selection bias reflected in these data since only 20% of patients with SSTI had infection site cultures performed. The decision to obtain a culture was left up to the discretion of the treating emergency physician, and
CJEM • JCMU
2009; 11 (5) 435
MRSA SSTIs in a Canadian ED was likely based on the risk factor profile of the patient and practice pattern of the physician. However, when we compared the breakdown of ED diagnoses during the study period, we observed an increase in the rate of SSTI diagnoses related to MRSA (abscess, abscess and cellulitis, or furuncle), from a period prevalence of 48% during the first 10 months of the study to 64% during the last 11 months. Since we examined the diagnoses of all ED patients and not just those with cultures performed, this observation strengthens the likelihood that our observed increase in MRSA-positive cultures was the result of a true increase in prevalence and not because of a change in the rate of cultures.
In the present study, we were unable to differentiate between hospital-associated MRSA and CA-MRSA. After adjusting for other risk factors, admission to hospital or surgery requiring a general anesthetic in the year before the index visit was associated with a 2.6-fold increase in the risk of MRSA SSTI. Recent hospital admission, presence of an indwelling catheter or medical device, and transfer from a skilled nursing facility are accepted risk factors for hospital-associated MRSA. 16 Thirty-four percent of MRSA cases in this study had 1 or more of these clinical risk factors for hospital-associated MRSA. However, other research has determined that many patients who have risk factors for hospital-associated MRSA, will have a community-associated strain, based on microbiologic testing. 8 In our study, significant risk factors for MRSA SSTI that could be of clinical utility to the practising emergency physician were as follows: the presence of an abscess (OR 5.6), previous infection or colonization with MRSA (OR 6.4), use of antibiotics in the 8 weeks preceding presentation (OR 2.6), IDU (OR 4.6) and diabetes mellitus (OR 4.1). Other studies have reported a strong association between MRSA and presence of an abscess, or furuncle 8 or "spider bite." 14 Communityassociated MRSA frequently carries the gene for Panton-Valentine leukocidin which is directly toxic to neutrophils 17 and tends to form large and/or numerous cutaneous abscesses. The association between previous MRSA colonization and current MRSA SSTI, as well as recent antibiotic use and MRSA SSTI may reflect a bias of emergency physicians to culture these patients more frequently. However, a recent meta-analysis of over 24 000 patients in 76 studies clearly demonstrated an association between exposure to antibiotics and MRSA isolation. 18 Regardless of etiology, it is entirely appropriate for clinicians to use the presence of these risk factors when prescribing antimicrobial therapy. However, from a therapeutic perspective, it is evident that cutaneous abscesses alone, regardless of cause, do not require antibiotics, but only incision and drainage. 19 Particularly given the increasing antimicrobial pressure on MRSA, there is growing concern about the possibility of inducible antibiotic resistance in CA-MRSA, particularly for clindamycin, 20 but this is a laboratory phenomenon and has not been well documented in humans.
Injection drug users were more likely to have MRSA SSTI in this study (OR 4.6) . The demographic of our inner-city patient population is reflected by the 20% of controls and 42% of cases who reported being injection drug users. In other research, IDU was strongly linked to MRSA SSTI in homeless individuals, 7 but this association was not found in 2 ED-based studies. 8, 15 There is a possibility that our findings represent a selection bias toward performing infection site cultures more frequently for IDU patients, but it makes biologic sense that frequent intravenous injection under nonsterile conditions increases the risk of infection if the user is already colonized. Similarly, diabetes mellitus was found to be a risk factor for MRSA SSTI (OR 4.1). This association has been reported in another study as well. 21 It may be that frequent interactions with the health care system lead to increased risk of colonization, where MRSA and diabetic foot ulcers with related breakdown of the skin barrier act as a portal for infection. This study failed to identify HIV status, age, sex or residence in a nursing home as risk factors for MRSA SSTI in this study. HIV status was associated with MRSA SSTI in a univariate analysis, but this relationship was not evident once we adjusted for IDU in the multivariate model. This study suggests that MRSA SSTI in the ED is increasing in frequency at a rapid rate. Clinicians should consider MRSA as a potential cause of SSTI particularly when the patient has an abscess, uses injection drugs, has had unsuccessful treatment with typical antistreptococcal/ staphylococcal antibiotics, has been MRSA positive previously or has diabetes mellitus. The likelihood of MRSA SSTI increases if the patient has more than 1 risk factor. The issue of which patients with SSTI to culture is controversial; our hospital recently adopted a policy of culturing all SSTIs that have material amenable to culture (i.e., open wounds, abscesses), primarily for reasons of surveillance. A pragmatic approach would be to culture patients who don't respond to the usual treatments. Our practice is to incise and drain all abscesses and to prescribe no antibiotic treatment unless there is a significant cellulitis as well, in which case we also provide the patient with a prescription for an oral antibiotic, which covers CA-MRSA (e.g., doxycycline, minocycline, trimethoprim-sulfamethoxazole).
Further research examining prevalence and risk factors for MRSA SSTI in widespread geographic locations is needed. Also, future studies should differentiate between hospital-associated and CA-MRSA and identifiable risk factor profiles for these infections. The need for antibiotic treatment of MRSA abscesses in an ED setting needs to be investigated further since proper incision and drainage alone seems to be a reasonable treatment option.
Limitations
Our study is limited by the fact that only 20% of patients with SSTI as a discharge diagnosis had a wound swab performed. The decision to culture a wound was left to the discretion of the emergency physician. Patients with higher risk of MRSA may have had their wounds cultured more frequently, thus overestimating the prevalence of MRSA. However, even if we assume that all of the 1787 patients with SSTI who did not have a wound culture performed were MRSA negative, then the period prevalence of MRSA would still be 11% (245/2234), making it an important pathogen in SSTI.
The case-control design for the evaluation of risk factors for MRSA SSTI is subject to selection and confounding biases. For example, since many of the IDU population of Vancouver's downtown area use our ED for their primary care, and if they are more prone to SSTI, then the odds ratio for MRSA SSTI associated with IDU will be inflated. By matching MRSA cases with controls by calendar time of wound swab, we were able to control for any secular trends (such as physician practice around obtaining wound swabs) that may have occurred during the study period. Our department's inner-city demographic (homelessness, high proportion of injection drug users, etc.) means that the external validity of our findings may be limited. However, many Canadian EDs are experiencing increases in MRSA SSTI and results from this study regarding independent risk factors other than IDU (e.g., previous MRSA status, diabetes mellitus, recent antibiotic use, hospital admission and presence of an abscess) can be extended to other settings.
We were unable to differentiate community-associated from hospital-associated MRSA. Nevertheless, we suspect that the increase in the prevalence of MRSA SSTI in our ED was largely due to CA-MRSA.
CONCLUSION
Based on this retrospective study, MRSA is increasing as a cause of SSTI in this Canadian urban ED. The majority of cultures performed in patients with soft tissue infections were MRSA positive at our institution between January 2003 and September 2004, showing a sharp increase during this interval. Risk factors for MRSA SSTI included the presence of an abscess, IDU, previous MRSA status, antibiotic prescriptions within 8 weeks, diabetes mellitus and hospital admission within the preceding year. On the basis of local prevalence and risk factor patterns, emergency physicians should consider MRSA as a causative agent for SSTI.
